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The Galileo Orbiter passedithin ~1000  undifferentiated Callisto, | useoth CI and
km of Callisto's surface last November. PF-rock asplausiblerock componentgfrom
Analysis ofthe radio tracking by Anderson et 6], representing greater amesser degrees of
al. [1], presented by Schubert et [&} at the  hydration and oxidation. A typical tempera-
December AGU, argued forumdifferentiated  ture profile through Callisto is conductive
Callisto, consistent with this satelliteleathly  near the surface and then becomes adiabatic in
appearance [3]. Assuming aperfect hydro- the convective region, but tregiabatic tem-
static relationship betwedhe second degree peratureonly varies modestlyhetween ~210
gravitational moments &and G, they derived  and 240,depending orthe ice phasegresent.

a reduced moment-of-inert@MR? of 0.406  The adiabatic temperature #te top of the

*+ 0.039, where 0.4 is thealuefor a uniform convecting region is determined here from the
sphere. Their Ir lower limit of 0.367allows extremum hypothesis of Stevensfmg., 8,
for somedifferentiation; a simple two-layer and see 9 for a discussion], based on the pre-
model with ice above anchixed ice-rock be-  ferred Newtonian rheology in Table VI of [6].
low [1,2] gives anupperlimit of ~300 km for As for typical density profiles, Callisto is
the ice layer thickness, whicfi,2] argue is  significantly self-compressed due to the poly-
not consistent with differentiation, because morphism oftheice phase. The density at the
there would beplenty of unseparatedce in surface is ~1.4y/cnt (rock +ice I) and in-
the rock-ice "core" ithis model. Atwo layer  creases to reachraaximum of~2.2 g/cnt at
model isnot realistic, inthe sense that separa- the center (rock +ice VIIl). The reduced
tion of rockfrom ice should ultimately lead to moment-of-inertia, for eithe€l- or PF-rock
formation of arock core surrounded by a based models, 8.38,substantialljjower than
mixedice-rock lowemantle and clean ice up- 0.4 and close to the lowelimit of 0.367.
per mantle [4,5]. Models of suchpartially Hence there isctually less leeway taccept
differentiated Calli®s [6] show that a 300- a partially differentiated model, aritle large
km ice layercorresponds tdully 50% differ- moment-of-inertia[1,2] may appear to be
entiation and the formation of ebck core  something of an anomaly. Specifically, based
1000 km in radius.This is arathersubstantial on three-layer structural calculations, the
degree ofunmixing. So, isCallisto undiffer- lower limit of 0.367 restrictsany ice upper
entiated? mantle thickness to bel00 km, and the cor-

| have calculated new undifferentiated in- responding degree oflifferentiation to be
terior models for Callisto, using the <10% (I take the Iz limit at face value; obvi-
ICYMOON code developed by SMueller ously a 3e lower limit would admit any
andmyself. Thiscodecan handlene-, two-, model, differentiated or undifferentiated).
or three-layericy satellites, for bothfixed Even thislevel of differentiation isdubious,
temperaturelayers and layers in which the however, as the heflows early insolar sys-
temperature isself-consistently determined tem history would have bedrigh enough to
from the rock contentand geologic age cause thdce andice-rock layers toconvect
(through the heat flow), with eithdixed or  separately. The thermatructure insuch a
adiabatic interior temperature profiles. The three-layer model guarantees tliad ice-rock
radius and masare takenfrom [7]. For an layer is hotter and susceptible ftather melt-
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ing [6]; meltingand differentiation should be
self-sustaining to at lealte pressuréevel of
the ice IlI-V transition, and anythingother
than atrivial amount of differentiation(2%)
would have been subject to this runaway
melting [6].

It is possiblefor the derived reduced mo-
ment-of-inertia of a body to exceed 0.4, if
there areunmodeled non-hydrostatic compo-
nents ofsufficient strength. | argued in [6]
that contributions ofJof the order 10 were
possiblefor an undifferentiated Callisto, due
to uncompensated topography adénsity
structure in thdithosphere. A contribution of
half this amount couldccount for theexcess
in the nominal J determined by[1,2], com-
pared with thepurely hydrostaticcase. The
implied stresses in Callisto's lithosphere are
only a fewpercent of thekbar-level stresses
supported by th&unar lithospherg10], which
is consistent with the long-term sival of 2—

3 km of basin-generatetpogrgphy on Cal-
listo [11]. A much larger non-hydrostatic
contribution by the core of tully differenti-
ated Callisto would be necessary to allow a
differentiated Callisto tonimic anundifferen-
tiated one(in terms of J and G;). While |
argued in [6] thasuch might occurthe close
to hydrostatic relationship betwetre J and
C.2 (almost) independentlydetemined for
Ganymede [12] suggests that this is not likely

Finally | note that in terms afurface geol-
ogy and remotesensing of Callistothe den-
sity of primordial ice-rock is not the bulk
density of the satellite, but a somewhat smaller
value,~1.4g/cnt, which yields aock volume
fraction at the surface &.2 (for PF-rock) to
0.275 (for Cl-rock). The rock ass fraction
for Callisto as a whole, expressed in anhy-
drous terms, is A0.45 (for eitheassumed
rock mineralogy), close tdut still somewhat
more rock-rich than theoretical predictions of
the rock/ice mssratio for equilibrium con-
densates in giant planet nebulae [9].
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